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(57) An apparatus which compensates for disper- 
sion in an optical transmission line. The apparatus 
includes a fixed dispersion compensator and a variable 
dispersion compensator. The fixed dispersion compen- 
sator has a fixed dispersion amount and coarsely com- 
pensates for the dispersion in the transmission line. The 
variable dispersion compensator has a variable disper- 
sion amount and finely compensates for the dispersion 

FIG. 



in the transmission line. The fixed and variable disper- 
sion compensators can be located at many positions. 
For example, one may be in a transmitter and the other 
may be in a receiver. Both may be in the transmitter 
and/or the receiver One may be in either the transmitter 
or the receiver, with the other in an optical repeater posi- 
tioned along the transmission line. 
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Description 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001 ] This application is based on, and claims priority s 
to, Japanese application number 9-243877, filed Sep- 
tember 9, 1997, in Japan, and which is incorporated 
herein by reference. 

BACKGROUND OF THE INVENTION 10 

1 . Field of the Invention 

[0002] The present invention relates to an apparatus 
which compensates for dispersion in an optical fiber is 
transmission line. More specifically, the present inven- 
tion relates to an apparatus which includes a fixed dis- 
persion compensator for coarse compensation and a 
variable dispersion compensator for fine compensation. 

20 

2. Description of the Related Art 

[0003] Optical transmission systems using fiber opti- 
cal transmission lines are being used to transmit rela- 
tively large amounts of information. For example, optical 25 
transmission systems at 10 Gb/s are now in practical 
use. However, as users require larger amounts of infor- 
mation to be rapidly transmitted, a further increase in 
the capacity of optical transmission systems is required. 
[0004] However, in an optical transmission system, as 30 
transmission speed increases, the transmission dis- 
tance is severely limited because of wavelength degra- 
dation caused by group- velocity dispersion (GVD) in an 
optical fiber. Furthermore, when the transmitting optical 
power is increased to maintain the required trans- 35 
mit/receive level difference, the effect of self-phase 
modulation (SPM), a fiber nonlinear effect, increases. 
This increase in SPM further complicates the waveform 
degradation through interaction with the group-velocity 
dispersion (SPM-GVD effect). *o 
[0005] As an example, consider an optical transmis- 
sion system having transmission lines which use single- 
mode fibers (SMFs) having a zero dispersion wave- 
length in the 1.3 region. This type of SMF is the 
most common type of fiber currently being used in exist- 45 
ing fiber transmission lines. In such an optical transmis- 
sion system, the chromatic dispersion value at a signal 
light wavelength of 1 .55 (where transmission loss of 
silica-based fiber is the lowest) is as large as about +18 
ps/nm/km. As a result, dispersion compensation tech- so 
niques are required for 10 Gb/s and higher-speed trans- 
mission systems where a relatively small amount of 
dispersion can be tolerated. 

[0006] For example, according to an experiment with 
a 40 Gb/s SMF transmission over a distance of 50 km ss 
(see G. Ishikawa et al., ECOC 96 ThC.3.3 for the trans- 
mitter/receiver configuration), the dispersion compen- 
sation tolerance when the power penalty is 1 dB or less 



is extremely small, i.e., 30 ps/nm. Therefore, in a 40 
Gb/s SMF transmission system, highly precise disper- 
sion compensation must be performed for each 
repeater section in the system. 

[0007] Transmission lines using 1 .55 \xvr\ band disper- 
sion-shifted fibers (DSFs) have been installed in recent 
years for long-distance transmission at 1 0 Gb/s. How- 
ever, because of slight variations in fiber core diameter 
introduced when drawing fibers in the optical fiber man- 
ufacturing process, the zero dispersion wavelength Xq 
varies from one repeater section to another. Further, 
even within the same repeater section, varies along 
the length of fiber. In addition, a transmission cable is 
usually constructed by joining together multi-core cable 
segments each a few kilometers long. That is, there is 
no continuity in X 0 between adjacent segments, so Xq 
has a random distribution profile. As a result, a variation 
of ±10 nm can occur within one repeater section, and 
the state of the variation differs from one repeater sec- 
tion to another. Strict dispersion compensation is there- 
fore necessary in a 40 Gb/s long-distance DSF 
transmission system. 

[0008] In optical transmission systems with transmis- 
sion speeds up to 10 Gb/s, since the dispersion toler- 
ance is relatively wide, system design is possible that 
allows the common use of a dispersion compensator 
having a predefined dispersion value, such as a disper- 
sion-compensating fiber (DCF) or a fiber grating, over a 
transmission distance of 20 to 40 km. However, when 
the dispersion compensation tolerance is extremely 
small, as in 40 Gb/s systems, the amount of dispersion 
compensation must be optimized for each repeater sec- 
tion. The only ways to achieve such dispersion compen- 
sation, at the present time, are: 

(i) To fabricate a dispersion compensator that 
matches the actually measured value of the chro- 
matic dispersion of the transmission line; or 

(ii) To prepare "units" of DCFs or fiber gratings 
whose dispersion values are different by small 
amounts, and change the combination of units to be 
inserted according to the actually measured value 
of the chromatic dispersion, similar to the manner in 
which an object is weighed on a balance. 

[0009] In the case of (ii), however, if multiple units are 
connected, the apparatus size increases. Moreover, if 
the units are joined together by connectors, the total 
insertion loss increases. If the value of the chromatic 
dispersion is unknown, optimization can be achieved by 
inserting and removing units, but this leads to an enor- 
mous increase in man-hours and also a waste of units. 
[0010] Furthermore, neither (i) nor (ii) can be applied 
to cases where the value of the chromatic dispersion 
changes over time due to transmission line (waveguide) 
temperature, external pressures, or vibrations. 
[001 1 ] Therefore, for an ultra high-speed system such 
as a 40 Gb/s system, the development of a "variable dis- 
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persion compensator" capable of varying the amount of 
dispersion with a single device is essential. As a varia- 
ble dispersion compensator, there has been proposed a 
Planar Lightwave Circuit (PLC) dispersion compensator 
capable of varying its dispersion amount from -383 5 
ps/nm to +615 ps/nm (for example, see K. Takiguchi et 
al.. ECOC' 93 ThC 12.9, which is incorporated herein by 
reference). However, a variable dispersion compensator 
with a variable range of -383 ps/nm to +615 ps/nm can 
only support transmission distances up to about 20 km 10 
in the case of an SMF having a chromatic dispersion 
value of +18 ps/nm/km. Also, commercial implementa- 
tion is difficult in terms of manufacturing as well as from 
the viewpoint of controllability. 

[0012] There has also been proposed a method in 15 
which, in a fiber grating dispersion compensator, a tem- 
perature gradient is provided using a Peltier element, or 
an external stress is applied to the fiber grating itself 
using piezoelectric elements, to provide the capability to 
vary the amount of dispersion compensation (for exam- 20 
pie, see R. I. Raming and N. N. Zervas, ECOC 96 Short 
courses, which is incorporated herein by reference). 
This method, however, involves problems such as com- 
plex control and narrow bandwidth (see, for example, M. 
Kato and Y. Miyajima, OECC 97 9D1-2, which is incor- 25 
porated herein by reference), and is not yet ready for 
commercial implementation. 

[0013] Therefore, as described above, known or pro- 
posed variable dispersion compensators are difficult to 
design, manufacture, and control, and lack practicability, 30 
since they are designed to combine (i) a large disper- 
sion amount with (ii) a large variable range in a single 
dispersion compensator. 

SUMMARY OF THE INVENTION 35 

[0014] Accordingly, it is an object of the present inven- 
tion to provide an apparatus for compensating for chro- 
matic dispersion and nonlinear effects in a transmission 
line in order to achieve further increases in transmission 40 
distance and in transmission capacity. 
[0015] It is an additional object of the present inven- 
tion to provide an apparatus that can accurately com- 
pensate for chromatic dispersion in a transmission line 
according to various parameters, such as transmission 45 
distance, when transmitting a large-capacity optical sig- 
nal at a high transmission rate. 

[001 6] For example, an object of the present invention 
is to provide a dispersion compensation apparatus that 
can provide the required amount of dispersion compen- 50 
sation in a transmission system that transmits informa- 
tion at 40 Gb/s through a transmission line requiring a 
large amount of dispersion compensation. For example, 
such a transmission line may have a chromatic disper- 
sion value of, for example. +1 8 ps/nm/km, and the trans- 55 
mission distance may be. for example. 20 km or longer. 
[001 7] Additional objects and advantages of the inven- 
tion will be set forth in part in the description which fol- 



lows, and, in part, will be obvious from the description, 
or may be learned by practice of the invention. 
[0018] The foregoing objects of the present invention 
are achieved by providing an apparatus which compen- 
sates for dispersion in an optical transmission line, 
wherein the apparatus includes a fixed dispersion com- 
pensator and a variable dispersion compensator. The 
fixed dispersion compensator has a fixed dispersion 
amount and coarsely compensates for the dispersion in 
the transmission line. The variable dispersion compen- 
sator has a variable dispersion amount and finely com- 
pensates for the dispersion in the transmission line. 
[0019] Objects of the present invention are also 
achieved by providing an apparatus which compen- 
sates for dispersion in an optical transmission line, 
wherein the apparatus includes a discretely variable 
dispersion compensator and a continuously variable 
dispersion compensator. The discretely variable disper- 
sion compensator has a discontinuously variable dis- 
persion amount and coarsely compensates for the 
dispersion in the transmission line. The continuously 
variable dispersion compensator has a continuously 
variable dispersion amount and finely compensates for 
dispersion in the transmission line. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] These and other objects and advantages of the 
invention will become apparent and more readily appre- 
ciated from the following description of the preferred 
embodiments, taken in conjunction with the accompa- 
nying drawings of which: 

FIG. 1 is a diagram illustrating an optical transmis- 
sion system, according to an embodiment of the 
present invention. 

FIG. 2 is a diagram illustrating a variable dispersion 
compensator, according to an embodiment of the 
present invention. 

FIG. 3 is a graph illustrating patterns A to D of volt- 
ages V 1 to V 2 i applied to segments of the variable 
dispersion compensator of FIG. 2, according to an 
embodiment of the present invention. 
FIG. 4 is a graph illustrating dispersion values for 
the voltage patterns A to D in FIG. 3, according to 
an embodiment of the present invention. 
FIG. 5 is a diagram illustrating a modification of the 
optical transmission system of FIG. 1 , according to 
an embodiment of the present invention. 
FIG. 6 is a diagram illustrating a modification of the 
optical transmission system of FIG. 1 . according to 
an embodiment of the present invention. 
FIG. 7 is a diagram illustrating an additional modifi- 
cation of the optical transmission system of FIG. 1 , 
according to an embodiment of the present inven- 
tion. 

FIG. 8 is a diagram illustrating a modification of the 
optical transmission system of FIG. 1 , according to 
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an embodiment of the present invention. 
FIG. 9 is a diagram illustrating a modification of the 
optical transmission system of FIG. 1, according to 
an embodiment of the present invention. 
FIG. 10 is a diagram illustrating an additional modi- 5 
f ication of the optical transmission system of FIG. 1 . 
according to an embodiment of the present inven- 
tion. 

FIG. 11 is a diagram illustrating a modification of 
the optical transmission system of FIG. 1, accord- io 
ing to an embodiment of the present invention. 
FIG. 12 is a diagram illustrating an optical transmis- 
sion system, according to a further embodiment of 
the present invention. 

FIG. 13 is a diagram illustrating a discretely variable 15 
dispersion compensator, according to an embodi- 
ment of the present invention. 
FIG. 14 is a diagram illustrating a modification of 
the optical transmission system of FIG. 12, accord- 
ing to an embodiment of the present invention. 20 
FIG. 15 is a diagram illustrating a modification of 
the optical transmission system of FIG. 12, accord- 
ing to an embodiment of the present invention. 
FIG. 16 is a diagram illustrating a modification of 
the optical transmission system of FIG. 12, accord- 25 
ing to an embodiment of the present invention. 
FIG. 17 is a diagram illustrating a modification of 
the optical transmission system of FIG. 12, accord- 
ing to an embodiment of the present invention. 
FIG. 18 is a diagram illustrating a modification of 30 
the optical transmission system of FIG. 12, accord- 
ing to an embodiment of the present invention. 
FIG. 19 is a diagram illustrating a modification of 
the optical transmission system of FIG. 12, accord- 
ing to an embodiment of the present invention. 35 
FIG. 20 is a diagram illustrating a modification of 
the optical transmission system of FIG. 12, accord- 
ing to an embodiment of the present invention. 
FIG. 21 is a diagram illustrating an optical transmis- 
sion system, according to a further embodiment of 40 
the present invention. 

FIG. 22 is a diagram illustrating a modification of 
the optical transmission system of FIG. 21, accord- 
ing to an embodiment of the present invention. 
FIG. 23 is a diagram illustrating a modification of 45 
the optical transmission system of FIG. 21, accord- 
ing to an embodiment of the present invention. 
FIG. 24 is a diagram illustrating a modification of 
the optical transmission system of FIG. 21, accord- 
ing to an embodiment of the present invention. so 
FIG. 25 is a diagram illustrating a modification of 
the optical transmission system of FIG. 21, accord- 
ing to an embodiment of the present invention. 
FIG. 26 is a diagram illustrating a modification of 
the optical transmission system of FIG. 21 , accord- 55 
ing to an embodiment of the present invention. 
FIG. 27 is a diagram illustrating a detailed configu- 
ration of a transmission characteristic measuring 



section, according to an embodiment of the present 
invention. 

FIG. 28 is a flow chart illustrating the operation of a 
microcomputer in FIG. 27, according to an embodi- 
ment of the present invention. 
FIG. 29 is a diagram showing the definition of a Q 
value, according to an embodiment of the present 
invention. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0021] Reference will now be made in detail to the 
present preferred embodiments of the present inven- 
tion, examples of which are illustrated in the accompa- 
nying drawings, wherein like reference numerals refer to 
like elements throughout. 

[0022] FIG. 1 is a diagram illustrating an optical trans- 
mission system, according to an embodiment of the 
present invention. Referring now to FIG. 1 , a transmitter 
10 outputs an optical signal through an SMF 12. For 
example, the optical signal is at 1 .55 wavelength 
and 40 Gb/s transmission speed, and SMF 12 has zero 
dispersion at 1 .3 ^m. The optical signal is received by a 
receiver section 14 having an optical receiver 20. A 
fixed dispersion compensator 16 and a variable disper- 
sion compensator 18 are also located in receiver sec- 
tion 14. Fixed dispersion compensator 16 has a 
dispersion amount which is preferably selected from 
several choices according to the length of SMF 12. Var- 
iable dispersion compensator 18 is capable of varying 
the amount of dispersion compensation according to 
parameters such as transmission distance. 
[0023] Moreover, fixed dispersion compensator 16 
provides coarse dispersion compensation, and variable 
dispersion compensator 18 provides fine dispersion 
compensation. Here, "coarse" and "fine" are relative 
terms, where "coarse" refers to a larger amount of com- 
pensation than "fine". Therefore, fixed dispersion com- 
pensator 16 provides a relatively large amount of fixed 
compensation, and variable dispersion compensator 18 
essentially "fine-tunes" the amount of compensation so 
that an accurate amount of total compensation is pro- 
vided. 

[0024] Fixed dispersion compensator 16 can be con- 
structed, for example, from a dispersion : compensating 
fiber (DCF) whose fiber core has a refractive index 
graded with a special profile in the radial direction 
thereof, thereby providing dispersion opposite in sign 
(i.e., negative) to dispersion (positive) in an ordinary 
SMF, or from a fiber grating dispersion compensator in 
which a Bragg grating with changing refractive index is 
formed in the fiber core to provide negative dispersion. 
[0025] Variable dispersion compensator 18 can be 
constructed from the previously mentioned PLC disper- 
sion compensator or from one in which the dispersion 
amount is varied by providing a stress gradient or tem- 
perature gradient to a fiber grating. 
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[0026J An example of the latter type, i.e. the variable 
dispersion compensator achieved by applying a stress 
to the fiber grating (see M. M. Ohm et al., "Tunable Fiber 
Grating Dispersion Using a Piezoelectric Stack." OFC 
97 Technical Digest, WJ3, pp. 155-156, which is incor- 5 
porated herein by reference), will be described as an 
example. 

[0027] More specifically, FIG. 2 is a diagram illustrat- 
ing a variable dispersion compensator, according to an 
embodiment of the present invention. FIG. 3 is a graph io 
illustrating patterns A to D of voltages to V 21 applied 
to segments of the variable dispersion compensator of 
FIG. 2, according to an embodiment of the present 
invention. FIG. 4 is a graph illustrating dispersion values 
for the voltage patterns A to D in FIG. 3, according to an is 
embodiment of the present invention. 
[0028] As shown in FIG. 2, a piezoelectric element 24 
is attached to each of 21 segments of a chirped fiber 
grating 22. When voltages V t to V 21 , with a gradient 
such as shown in FIG. 3, are applied to the piezoelectric 20 
elements, the pressure being applied in the longitudinal 
direction of grating 22 changes, and for the voltage pat- 
terns A to D shown in FIG. 3, the dispersion values 
(slopes of the lines) change as shown in FIG. 4. Here, 
the dispersion values can. of course, be varied continu- 25 
ously by giving intermediate voltage patterns between 
those shown. 

[0029] FIG. 5 is a diagram illustrating a modification of 
the optical transmission system of FIG. 1, according to 
an embodiment of the present invention. More specifi- 30 
cally, FIG. 5 shows an example in which the optical 
transmission system includes an optical amplifier- 
repeater that amplifies and relays an optical signal with- 
out regenerating it. 

[0030] Referring now to FIG. 5. many optical amplifier- 35 
repeaters each having an erbium doped fiber amplifier 
(ED FA) 26 are installed at intermediate points along the 
transmission line to relay the optical signal without 
regenerating it. As in the configuration of FIG. 1, fixed 
dispersion compensator 16 and variable dispersion 40 
compensator 18 are located in receiver section 14. 
[0031] In the examples of FIGS. 1 and 5, the order of 
fixed dispersion compensator 16 and variable disper- 
sion compensator 18 may be interchanged. Alterna- 
tively, as shown in FIGS. 6 and 7, fixed dispersion 45 
compensator 16 and variable dispersion compensator 
18 may be provided in a transmitter section 28 where 
optical transmitter 10 is located. Also, in that case, their 
order can be interchanged. 

[0032] Moreover, as shown in FIGS. 8 and 9, fixed dis- so 
persion compensator 16 and variable dispersion com- 
pensator 18 may be positioned so that one is in 
transmitter section 28 and the other is in receiver sec- 
tion 14. 

[0033] Further, as shown in FIG. 10. fixed dispersion 55 
compensator 16 and variable dispersion compensator 
18 may also be provided in each optical amplifier- 
repeater 30. In FIG. 10. dispersion compensators 16 



and 18 are provided in every optical amplifier-repeater 
30. but these may be provided only in designated optical 
amplifier-repeaters. Further, in FIG. 10, a fixed disper- 
sion compensator 16 and a variable dispersion com- 
pensator 18 are provided in receiver section 14, but, 
instead, they may be provided at the transmitting end. 
[0034] Alternatively, as shown in FIG. 11, only fixed 
dispersion compensator 16 may be provided in each 
optical amplifier-repeater 30 to perform coarse disper- 
sion compensation, and variable dispersion compensa- 
tor 18 may be provided only in receiver section 14 to 
perform fine dispersion compensation. In this case, var- 
iable dispersion compensator 1 8 may be provided at the 
transmitting end, not in receiver section 14. Also, more 
than one variable dispersion compensator 18 can be 
provided in the system. Further, fixed dispersion com- 
pensator 16 may be provided only in designated optical 
amplifier-repeaters, not in every optical amplifier- 
repeater 30. 

[0035] Therefore, according to embodiments of the 
present invention, a fixed dispersion compensator has a 
fixed dispersion amount, and coarsely compensates for 
dispersion in the transmission line. A variable dispersion 
compensator has a variable dispersion amount, and 
finely compensates for dispersion in the transmission 
line. Preferably, the fixed dispersion compensator and 
the variable dispersion compensator together provide a 
total amount of dispersion compensation substantially 
equal to the amount of dispersion of the transmission 
line. 

[0036] As indicated above, the fixed dispersion com- 
pensator provides coarse dispersion compensation, 
and the variable dispersion compensator provides fine 
dispersion compensation. As previously noted, "coarse" 
and "fine" are relative terms, where "coarse" refers to a 
larger amount of compensation than "fine". Therefore, 
the fixed dispersion compensator provides a relatively 
large amount of fixed compensation, and the variable 
dispersion compensator essentially "fine-tunes" the 
amount of compensation so that an accurate amount of 
total compensation is provided. 

[0037] Typically, the amount of compensation pro- 
vided by the variable dispersion compensator will be 
less than or equal to 20% of that provided by the fixed 
dispersion compensator. As an example, in a 40 Gb/s 
transmission system, with an SMF transmission line of 
50 km, the total dispersion is typically about 920 ps/nm. 
In this case, as an example, the fixed dispersion com- 
pensator could provide approximately -850 ps/nm of 
dispersion compensation, and the variable dispersion 
compensator could provide variable dispersion com- 
pensation in the range of 0 to -150 ps/nm. (Thus, -150/- 
850 a 0.1 76, that is, less then or equal to 20%.) 
[0038] The above embodiments of the present inven- 
tion are very effective in fine tuning the total amount of 
dispersion compensation to adjust for changes in envi- 
ronmental conditions, and changes in system specifica- 
tions from the ideal specification. As an example. 
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assume that a plurality of repeaters are supposed to be 
spaced along a transmission line at intervals of 50 km. 
If the repeaters are spaced at exactly 50 km intervals, 
an individual fixed dispersion compensator (such as a 
DCF) can be used by itself for each 50 km interval, to 
compensate for dispersion. Since the interval between 
repeaters is exactly 50 km, the exact amount of required 
dispersion can be determined and compensated for by 
the fixed dispersion compensator. However, in actuality, 
the interval between each repeater may not be exactly 
50 km. For example, some repeaters may be spaced by 
49 km, 51 km or 52 km. In this case, the variable disper- 
sion compensator can be used to fine tune the total 
amount of compensation, to adjust for the changes in 
interval between repeaters. The variable dispersion 
compensator can also adjust, for example, for environ- 
mental changes over time. Such a variable dispersion 
compensation can be positioned at many different loca- 
tions, such as in the transmitter, the receiver or in a 
repeater. Moreover, a plurality of such variable disper- 
sion compensators can be provided to provide the 
required "fine-tuning". 

[0039] FIG. 12 is a diagram illustrating an optical 
transmission system, according to a further embodi- 
ment of the present invention. Referring now to FIG. 12, 
a discretely variable dispersion compensator 32 and a 
continuously variable dispersion compensator 34 are 
located in receiver section 14. 

[0040] FIG. 1 3 is a diagram illustrating discretely vari- 
able dispersion compensator 32. See also, A. Sano et 
aL, ECOC* 96, Tud.3.5, which is incorporated herein by 
reference. Referring now to FIG. 13, discretely variable 
dispersion compensator 32 has a dispersion amount 
capable of being varied discontinuous!/ Discretely vari- 
able dispersion compensator 32 includes DCFs 36 hav- 
ing positive or negative dispersion values cascaded with 
1 x4 switches 38. In the illustrated example, the disper- 
sion value can be set in increments of about 7 ps/nm 
between -183 ps/nm and +152 nm. The DCFs may be 
replaced by other devices, such as fiber gratings, that 
can set a fixed dispersion value. The present invention 
is not intended to be limited to this specific example, 
and many other configurations can be used for a dis- 
cretely variable dispersion compensator. For example, 
virtually any number of DCFs and switches can be used 
to provide many different configurations, and elements 
other than DCFs and switches can be used. 
[0041] Continuously variable dispersion compensator 
34 can be constructed, for example, from the previously 
mentioned PLC dispersion compensator or from a fiber 
grating provided with a stress gradient or temperature 
gradient. 

[0042] FIG. 14 is a diagram illustrating a modification 
of the optical transmission system of FIG. 12. according 
to an embodiment of the present invention. More specif- 
ically, FIG. 14 shows an example of an optical amplifier- 
repeater transmission system. As in the configuration of 
FIG. 12, discretely variable dispersion compensator 32 



and continuously variable dispersion compensator 34 
are located in receiver section 14. 
[0043] In the examples of FIGS. 12 and 14, the order 
of discretely variable dispersion compensator 32 and 

5 continuously variable dispersion compensator 34 may 
be interchanged. Alternatively, as shown in FIGS. 15 
and 16, these compensators may be provided in trans- 
mitter section 28. Also, in that case, their order can be 
interchanged. Further, as shown in FIGS. 17 and 18, 

10 discretely variable dispersion compensator 32 and con- 
tinuously variable dispersion compensator 34 can be 
positioned so that one is in transmitter section 28 and 
the other in receiver section 14. 

[0044] As an additional example, as shown in FIG. 19, 
is discretely variable dispersion compensator 32 and con- 
tinuously variable dispersion compensator 34 may be 
provided in each optical amplifier-repeater 30. In FIG. 
19, dispersion compensators 32 and 34 are provided in 
every optical amplifier-repeater 30, but may be provided 
20 only in designated optical amplifier-repeaters. Further, 
in FIG. 19, dispersion compensators 32 and 34 are pro- 
vided in receiver section 14 but, instead, may be pro- 
vided at the transmitting end. 

[0045] Alternatively, as shown in FIG. 20, only dis- 

25 cretely variable dispersion compensator 32 may be pro- 
vided in each optical amplifier-repeater 30 to perform 
coarse dispersion compensation, and continuously var- 
iable dispersion compensator 34 may be provided only 
in receiver section 14 to perform fine dispersion com- 

30 pensation. Moreover, instead, continuously variable dis- 
persion compensator 34 may be provided at the 
transmitting end, not in receiver section 14. Further, dis- 
cretely variable dispersion compensator 32 may be pro- 
vided only in designated optical amplifier-repeaters, not 

35 in every optical amplifier-repeater 30. 

[0046] In the examples so far described, if the chro- 
matic dispersion value including its variation along fiber 
length is already known from, for example, transmission 
waveform simulation, the locations of the dispersion 

40 compensators (fixed, continuously variable, and dis- 
cretely variable) and their dispersion compensation 
amounts can be determined from the results of the sim- 
ulation. 

[0047] On the other hand, if the chromatic dispersion 
45 of the transmission line is unknown, a transmission 
characteristic can be measured and the variable disper- 
sion compensation values can be set in accordance 
with the measured characteristic, to optimize the trans- 
mission characteristics. 
so [0048] More specifically, FIG. 21 is a diagram illustrat- 
ing an optical transmission system, according to a fur- 
ther embodiment of the present invention. FIGS. 22-26 
illustrate modifications of the optical transmission sys- 
tem of FIG. 21, according to an embodiment of the * 
55 present invention. 

[0049] Referring now to FIGS. 21-26, a transmission 
characteristic measuring section 36 is preferably pro- 
vided at the receiving end. Then, for example, during 
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system power up, transmission characteristic measur- 
ing section 36 measures a transmission characteristic, 
and the dispersion compensation values are set so as 
to optimize the transmission characteristics. At this time, 
it is also possible to sweep the dispersion compensation 
amount while feeding back a control signal to the varia- 
ble dispersion compensator (continuously variable, dis- 
cretely variable), as shown in the figures. The bit-error 
rate, Q value, signal parity bit check, transmission wave- 
form, etc. can be used as the transmission characteris- 
tic measured here. 

[0050] FIG. 27 is a diagram illustrating an example of 
a detailed configuration of transmission characteristic 
measuring section 36 in which the Q value is measured 
and fed back as the transmission characteristic. Refer- 
ring now to FIG. 27, a Q value measuring system 42 
measures the Q value from an optical signal transmitted 
through the transmission line, and a microcomputer 40 
uses the measured Q value to provide a feedback con- 
trol signal. 

[0051] FIG. 28 is a flow chart illustrating the operation 
of microcomputer 40 shown in FIG. 27, according to an 
embodiment of the present invention. In FIG. 28, the Q 
value is measured during system power up while 
sweeping the dispersion value in the variable dispersion 
compensator (step 1000), and the dispersion value of 
the variable dispersion compensator is set to a value 
that maximizes the Q value (step 1002). During system 
operation, the Q value is measured, for example, at 
intervals of one hour (step 1004), and if the measured 
value is less than reference value (step 1006), the dis- 
persion value in the variable dispersion compensator is 
incremented by one step (step 1008). If the Q value is 
improved, the process returns to the decision -making 
operation in step 1006. If the Q value is not improved, 
the dispersion value is then decremented by one step 
(step 1012), and the step 1012 is repeated until the Q 
value becomes equal to or greater than the reference 
value. 

[0052] FIG. 29 is a diagram showing the definition of 
the Q value measured by Q value measuring system 42, 
according to an embodiment of the present invention. 
That is 

Q = 20 log 10 [^ 1 - m 0 )/(^i + *o)l 
where 

: average level during "emission" 
^ 0 : average level during "no emission" 
a t : standard deviation of level during "emission" 
cr 0 : standard deviation of level during "no emission" 

[0053] The Q value is expressed using the signal level 
difference (signal amplitude) between emission and no 
emission as the numerator and the sum of the standard 
deviations of noise during emission and during no emis- 
sion as the denominator. When a Gaussian distribution 
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is assumed for the noise distribution, the bit-error rate 
given by the Q value defined in FIG. 29 agrees with the 
minimum value of the actually measured bit-error rate. 
Q value measuring system 42 is substantially identical 

5 in configuration to the optical receiver. That is, using a 
discrimination circuit having a reference voltage varying 
function, the discrimination level for an equalized wave- 
form is varied up and down with respect to the optimum 
level to measure the bit-error rate, and by finding the 

70 intersection of the two straight lines obtained from the 
measurement, the minimum point of the bit-error rate is 
estimated, and the Q value can thus be obtained. 
[0054] The chromatic dispersion value of the received 
light itself may be measured as the transmission char- 

15 acteristic, and the variable dispersion compensator may 
be controlled so that the dispersion is set to an optimum 
value. The measurement of the chromatic dispersion 
value can be achieved by simply using a commercially 
available chromatic dispersion measuring device, or by 

20 incorporating the equivalent function into the transmit- 
ting and/or receiving equipment. Alternatively, the inten- 
sity of a specific frequency component in the baseband 
region, especially the intensity of a clock signal compo- 
nent, may be detected from the received signal, and the 

25 amount of dispersion compensation may be controlled 
so that the intensity reaches a maximum or a minimum, 
or a prescribed value, by using the relationship between 
the chromatic dispersion value and the intensity of the 
clock signal component. 

30 [0055] Furthermore, by controlling the amount of dis- 
persion compensation while monitoring the transmis- 
sion characteristic not only during system power up but 
also during system operation, control can be performed 
to accommodate the temperature dependence, tempo- 

35 ral change, etc. of the chromatic dispersion value of the 
transmission line. 

[0056] The locations of the dispersion compensators 
16, 18. 32, and 34 are not limited to the examples 
shown in FIGS. 21 to 26. but various modifications such 

40 as those described previously are possible. 

[0057] Several methods are possible for transmitting 
the feedback signal from the receiving end to each vari- 
able dispersion compensator. For example, a bidirec- 
tional communication method using a fiber transmission 

45 line or a low-speed electrical analog communication 
.method can be used. Further, it is also possible to auto- 
matically set the amount of dispersion compensation to 
an optimum value by using a CPU or by centrally con- 
trolling the entire system. When there is a spare line 

so having substantially the same dispersion condition and 
installation environment as the working line, a method 
can be employed in which the amount of dispersion 
compensation is first optimized using the spare line, and 
then, by referring to the result, the value is applied to the 

55 working line. With this method, the amount of dispersion 
compensation can be optimized without interrupting 
service. 

[0058] According to the above embodiments of the 
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present invention, transmission speed can be increased 
while using already installed fiber transmission lines 
without modifications, and different types of fiber (SMF, 
DSF), different repeater spacings, and the variation of 
the chromatic dispersion value along fiber length can 
also be accommodated. These together serve to reduce 
the overall cost of the system. 

[0059] According to the above embodiments of the 
present invention, the chromatic dispersion of the opti- 
cal transmission line is coarsely compensated for by 
using a fixed dispersion compensator or a discretely 
variable dispersion compensator according to the 
length of the transmission distance, and then the chro- 
matic dispersion is finely compensated for by using a 
variable dispersion compensator or a continuously vari- 
able dispersion compensator. In this way, highly precise 
compensation can be made even when the required dis- 
persion compensation amount is large, and large- 
capacity transmission is thus made possible. 
[0060] In the above embodiments of the present 
invention, an optical transmission system includes two 
types of dispersion compensators (such as a fixed dis- 
persion compensator in combination with a variable dis- 
persion compensator, or a discretely variable dispersion 
compensator in combination with a continuously varia- 
ble dispersion compensator) . These different compen- 
sators can have many different positions in the optical 
transmission system. For example, one compensator 
can be in a transmitter section and the other compensa- 
tor can be in a receiver section. Or, both compensators 
can be in the transmitter section, the receiver section or 
in a repeater. 

[0061] Often, both compensators can be included in 
the same housing. For example, when both compensa- 
tors are in the receiver section, transmitter section or 
repeater, they are typically enclosed inside the same 
housing. For example, in the above drawings, such a 
housing would typically be represented by the "box" 
illustrating a specific element. For example, in FIG. 1, 
the "box" representing receiver section 14 could indi- 
cate a housing of the receiver section which includes 
the various elements enclosed therein. Similarly, for 
example, in FIG. 6, the "box" representing transmitter 
section 28 could indicate a housing of the transmitter 
section which includes the various elements enclosed 
therein. 

[0062] In addition, in many situations, both compensa- 
tors are located in very close physical proximity, such as 
less than or equal to three meters. In some situations, 
the compensators can be located very close together so 
that there is no transmission line between the two com- 
pensators. This close situation can occur, for example, 
when both compensators are located in the transmitter 
section or the receiver section. When the compensators 
are located in close proximity, it is very easy to coordi- 
nate the combined compensation, and provide the 
appropriate amount of dispersion compensation fine- 
tuning. 



[0063] In the above embodiments of the present 
invention, the "receiver section" can simply be referred 
to as a "receiver". Similarly, the "transmission section" 
can simply be referred to as a "transmitter". 

5 [0064] Therefore, according to the above embodi- 
ments of the present invention, an apparatus compen- 
sates for dispersion in an optical transmission line. The 
apparatus includes a fixed dispersion compensator and 
a variable dispersion compensator. The fixed dispersion 

10 compensator has a fixed dispersion amount and 
coarsely compensates for the dispersion in the trans- 
mission line. The variable dispersion compensator has 
a variable dispersion amount and finely compensates 
for the dispersion in the transmission line. 

is [0065] The fixed and variable dispersion compensa- 
tors can be located at many positions. For example, one 
may be in a transmitter and the other may be in a 
receiver. Both may be in the transmitter and/or the 
receiver. One may be in either the transmitter or the 

20 receiver, with the other in an optical repeater positioned 
along the transmission line. 

[0066] There are many other possible configurations. 
For example, either a first fixed dispersion compensator 
or the variable dispersion compensator can be in the 
25 transmitter, with the other in the receiver. In this case, a 
second fixed dispersion compensator can be positioned 
in an optical repeater. 

[0067] Further, either a first fixed dispersion compen- 
sator or a first variable dispersion compensator can be 
30 in the transmitter, with the other in the receiver. In this 
case, a second fixed dispersion compensator and a 
second variable dispersion compensator can be posi- 
tioned in an optical repeater. 

[0068] Moreover, a first fixed dispersion compensator 

35 can be in the transmitter while a second fixed dispersion 
compensator is in the receiver. In this case, a variable 
dispersion compensator can be at virtually any location 
in the optical transmission system. 
[0069] In addition, both the fixed dispersion compen- 

40 sator and the variable dispersion compensator can be 
enclosed inside the same housing. Further, in many sit- 
uations, the fixed dispersion compensator and the vari- 
able dispersion compensator will be located physically 
close together, such as within or equal to three meters. 

45 Moreover, in some situations, the fixed dispersion com- 
pensator and the variable dispersion compensator can 
be directly connected to each other so that no portion of 
the transmission line is between the fixed dispersion 
compensator and the variable dispersion compensator. 

so [0070] In addition, according to the above embodi- 
ments of the present invention, an apparatus includes a 
discretely variable dispersion compensator and a con- 
tinuously variable dispersion compensator. The dis- 
cretely variable dispersion compensator has a 

55 discontinuously variable dispersion amount and 
coarsely compensates for the dispersion in the trans- 
mission line. The continuously variable dispersion com- 
pensator has a continuously variable dispersion amount 
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and finely compensates for dispersion in the transmis- 
sion line. 

[0071] The discretely and continuously variable dis- 
persion compensators can be located at many posi- 
tions. For example, one may be in a transmitter and the 
other may be in a receiver. Both may be in the transmit- 
ter and/or the receiver. One may be in either the trans- 
mitter or the receiver, with the other in an optical 
repeater positioned along the transmission line. 
[0072] There are many other possible configurations. 
For example, either a first discretely variable dispersion 
compensator or the continuously variable dispersion 
compensator can be in the transmitter, with the other in 
the receiver. In this case, a second discretely variable 
dispersion compensator can be positioned in an optical 
repeater. 

[0073] Further, either a first discretely variable disper- 
sion compensator or a first continuously variable disper- 
sion compensator can be in the transmitter, with the 
other in the receiver. In this case, a second discretely 
variable dispersion compensator and a second continu- 
ously variable dispersion compensator can be posi- 
tioned in an optical repeater. 

[0074] Moreover, a first discretely variable dispersion 
compensator can be in the transmitter while a second 
discretely variable dispersion compensator is in the 
receiver. In this case, a continuously variable dispersion 
compensator can be at virtually any location in the opti- 
cal transmission system. 

[0075] In addition, both the discretely and continu- 
ously variable dispersion compensators can be 
enclosed inside the same housing. Further, in many sit- 
uations, the discretely and continuously variable disper- 
sion compensators will be located physically close 
together, such as within or equal to three meters. More- 
over, in some situations, the discretely and continuously 
variable dispersion compensators can be directly con- 
nected to each other so that no portion of the transmis- 
sion line is between the fixed dispersion compensator 
and the variable dispersion compensator. 
[0076] According to the above embodiments of the 
present invention, a compensator can be positioned at 
either the transmitting end or the receiving end of a 
transmission line. Generally, a transmission line can be 
considered as having two ends. One end is where a sig- 
nal is provided to the transmission line to be transmitted 
through the transmission line, and the other end is 
where the signal is received from the transmission line. 
[0077] Although a few preferred embodiments of the 
present invention have been shown and described, it 
would be appreciated by those skilled in the art that 
changes may be made in these embodiments without 
departing from the principles and spirit of the invention, 
the scope of which is defined in the claims and their 
equivalents. 



Claims 

1 . An apparatus which compensates for dispersion in 
an optical transmission line, comprising: 

5-" 

a fixed dispersion compensator, having a fixed 
dispersion amount, coarsely compensating for 
the dispersion in the transmission line; and 
a variable dispersion compensator, having a 
w variable dispersion amount, finely compensat- 

ing for the dispersion in the transmission line. 

2. An apparatus as in claim 1. wherein the transmis- 
sion line has a transmitting end and a receiving 

75 end, and the fixed dispersion compensator and the 
variable dispersion compensator are both posi- 
tioned at the receiving end of the transmission line. 

3. An apparatus as in claim 1 , wherein the transmis- 
20 sion line has a transmitting end and a receiving 

end, and the fixed dispersion compensator and the 
variable dispersion compensator are both posi- 
tioned at the transmitting end of the transmission 
line. 

25 

4. An apparatus as in claim 1 , further comprising: 

a receiver receiving an optical signal transmit- 
ted through the transmission line, wherein the 
30 fixed dispersion compensator and the variable 

dispersion compensator are both positioned in 
the receiver. 

5. An apparatus as in claim 1 , further comprising: 

35 

a transmitter transmitting an optical signal 
through the transmission line, wherein the fixed 
dispersion compensator and the variable dis- 
persion compensator are both positioned in the 
40 transmitter. 

6. An apparatus as in claim 1 , further comprising: 

a transmitter transmitting an optical signal 
45 through the transmission line; and 

a receiver receiving the optical signal transmit- 
ted through the transmission line, wherein 

one of the group consisting of the fixed dis- 
so persion compensator and the variable dis- 

persion compensator is positioned in the 
transmitter, and 

the other of the group consisting of the 
fixed dispersion compensator and the vari- 
55 able dispersion compensator is positioned 

in the receiver. 

7. An apparatus as in claim 1 , wherein 
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the transmission line has a transmitting end 
and a receiving end, 

one of the group consisting of the fixed disper- 
sion compensator and the variable dispersion 
compensator is positioned at the transmitting 5 
end of the transmission line, and 
the other of the group consisting of the fixed 
dispersion compensator and the variable dis- 
persion compensator is positioned at the 
receiving end of the transmission line. io 

8. An apparatus as in claim 1 , further comprising: 

an optical repeater, wherein 

75 

the transmission line includes a transmit- 
ting end and a receiving end, the optical 
repeater being positioned along the trans- 
mission line between the transmitting end 
and the receiving end, 20 
the fixed dispersion compensator includes 
first and second fixed dispersion compen- 
sators each having a fixed dispersion 
amount, 

one of the group consisting of the first fixed 25 
dispersion compensator and the variable 
dispersion compensator is positioned at 
the transmitting end of the transmission 
line, 

the other of the group consisting of the first 30 
fixed dispersion compensator and the vari- 
able dispersion compensator is positioned 
at the receiving end of the transmission 
line, and 

the second fixed dispersion compensator 35 
is positioned in the optical repeater. 

9. An apparatus as in claim 1 , further comprising: 

an optical repeater, wherein 40 

the transmission line includes a transmit- 
ting end and a receiving end, the optical 
repeater being positioned along the trans- 
mission line between the transmitting end 45 
and the receiving end, 
the fixed dispersion compensator includes 
first and second fixed dispersion compen- 
sators each having a fixed dispersion 
amount, so 
the variable dispersion compensator 
includes first and second variable disper- 
sion compensators each having a variable 
dispersion amount, 

one of the group consisting of the first fixed 55 
dispersion compensator and the first varia- 
ble dispersion compensator is positioned 
at the transmitting end of the transmission 



line, 

the other of the group consisting of the first 
fixed dispersion compensator and the first 
variable dispersion compensator is posi- 
tioned at the receiving end of the transmis- 
sion line, and 

the second fixed dispersion compensator 
and the second variable dispersion com- 
pensator are both positioned in the optical 
repeater. 

10. An apparatus as in claim 1 , wherein: 

the transmission line includes a transmitting 
end and a receiving end, 
the fixed dispersion compensator includes first 
and second fixed dispersion compensators 
each having a fixed dispersion amount, the first 
fixed dispersion compensator being positioned 
at the transmitting end of the transmission line 
and the second fixed dispersion compensator 
being positioned at the receiving end of the 
transmission line. 

11. An apparatus as in claim 1, further comprising: 

a transmitter transmitting an optical signal 
through the transmission line; and 
a receiver receiving the optical signal transmit- 
ted through the transmission line, wherein 

the fixed dispersion compensator includes 
first and second fixed dispersion compen- 
sators each having a fixed dispersion 
amount, the first fixed dispersion compen- 
sator being positioned in the transmitter 
and the second fixed dispersion compen- 
sator being positioned in the receiver. 

12. An apparatus as in claim 1 , further comprising: 

a measuring device measuring a transmission 
characteristic of the transmission line from an 
optical signal transmitted through the transmis- 
sion line, wherein the variable dispersion 
amount of the variable dispersion-compensator 
is set in accordance with the transmission char- 
acteristic measured by the measuring device. 

13. An apparatus as in claim 12, further comprising: 

a controller controlling the variable dispersion 
amount of the variable dispersion compensator 
in accordance with the transmission character- 
istic measured by the measuring device. 

14. An apparatus as in claim 1, wherein the variable 
dispersion amount of the variable dispersion com- 
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pensator is less than or equal to 20% of the fixed 
dispersion amount of the fixed dispersion compen- 
sator. 

15. An apparatus as in claim 1, further comprising: 5 

a housing, the fixed dispersion compensator 
and the variable dispersion compensator both 
being enclosed inside the housing. 

10 

16. An apparatus as in claim 4, wherein the receiver 
comprises a housing, the fixed dispersion compen- 
sator and the variable dispersion compensator both 
being enclosed inside the housing. 

15 

17. An apparatus as in claim 5, wherein the transmitter 
comprises a housing, the fixed dispersion compen- 
sator and the variable dispersion compensator both 
being enclosed inside the housing. 

20 

18. An apparatus as in claim 1, wherein the fixed dis- 
persion compensator is a dispersion shifted fiber 
(DSF). 

1 9. An apparatus as in claim 1 , wherein the fixed dis- 25 
persion compensator and the variable dispersion 
compensator are physically separated by a dis- 
tance of less than or equal to three meters. 

20. An apparatus as in claim 1 , wherein the fixed dis- 30 
persion compensator and the variable dispersion 
compensator are directly connected to each other 

so that no portion of the transmission line is 
between the fixed dispersion compensator and the 
variable dispersion compensator. 35 

21. An apparatus as in claim 1, wherein the transmis- 
sion line requires a specific amount of dispersion 
compensation in accordance with the length of the 
transmission line, and the fixed dispersion compen- 40 
sator and the variable dispersion compensator 
together provide a total amount of dispersion com- 
pensation substantially equal to the required 
amount of dispersion compensation. 

45 

22. An apparatus which compensates for dispersion in 
an optical transmission line, comprising: 

a discretely variable dispersion compensator, 
having a discontinuously variable dispersion so 
amount, coarsely compensating for the disper- 
sion in the transmission line; and 
a continuously variable dispersion compensa- 
tor, having a continuously variable dispersion 
amount, finely compensating for dispersion in ss 
the transmission line. 

23. An apparatus as in claim 22, wherein the transmis- 
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sion line has a transmitting end and a receiving 
end, and the discretely variable dispersion compen- 
sator and the continuously variable dispersion com- 
pensator are both positioned at the receiving end of 
the transmission line. 

24. An apparatus as in claim 22, wherein the transmis- 
sion line has a transmitting end and a receiving 
end, and the discretely variable dispersion compen- 
sator and the continuously variable dispersion com- 
pensator are both positioned at the transmitting end 
of the transmission line. 

25. An apparatus as in claim 22, further comprising: 

a receiver receiving an optical signal transmit- 
ted through the transmission line, wherein the 
discretely variable dispersion compensator and 
the continuously variable dispersion compen- 
sator are both positioned in the receiver. 

26. An apparatus as in claim 22, further comprising: 

a transmitter transmitting an optical signal 
through the transmission line, wherein the dis- 
cretely variable dispersion compensator and 
the continuously variable dispersion compen- 
sator are both positioned in the transmitter. 

27. An apparatus as in claim 22, further comprising: 

a transmitter transmitting an optical signal 
through the transmission line; and 
a receiver receiving the optical signal transmit- 
ted through the transmission line, wherein 

one of the group consisting of the dis- 
cretely variable dispersion compensator 
and the continuously variable dispersion 
compensator is positioned in the transmit- 
ter, and 

the other of the group consisting of the dis- 
cretely variable dispersion compensator 
and the continuously variable dispersion 
compensator is positioned in the receiver. 

28. An apparatus as in claim 22, wherein 

the transmission line has a transmitting end 
and a receiving end, 

one of the group consisting of the discretely 
variable dispersion compensator and the con- 
tinuously variable dispersion compensator is 
positioned at the transmitting end of the trans- 
mission line, and 

the other of the group consisting of the dis- 
cretely variable dispersion compensator and 
the continuously variable dispersion compen- 



11 




EPO 



sator is positioned at the receiving end of the 
transmission line. 

29. An apparatus as in claim 22, further comprising: 

an optical repeater, wherein 



558 A2 




sion compensator is positioned at the 
receiving end of the transmission line, and 
the second discretely variable dispersion 
compensator and the second continuously 
5 variable dispersion compensator are both 

positioned in the optical repeater. 



the transmission line includes a transmit- 
ting end and a receiving end, the optical 
repeater being positioned along the trans- 
mission line between the transmitting end 
and the receiving end, 
the discretely variable dispersion compen- 
sator includes first and second discretely 
variable dispersion compensators each 
having a discontinuously variable disper- 
sion amount, 

one of the group consisting of the first dis- 
cretely variable dispersion compensator 
and the continuously variable dispersion 
compensator is positioned at the transmit- 
ting end of the transmission line, 
the other of the group consisting of the first 
discretely variable dispersion compensator 
and the continuously variable dispersion 
compensator is positioned at the receiving 
end of the transmission line, and 
the second discretely variable dispersion 
compensator is positioned in the optical 



one of the group consisting of the first dis- 
cretely variable dispersion compensator 
and the first continuously variable disper- 
sion compensator is positioned at the 
transmitting end of the transmission line, 
the other of the group consisting of the first 
discretely variable dispersion compensator 
and the first continuously variable disper- 



31. An apparatus as in claim 22, wherein: 

10 the transmission line includes a transmitting 

end and a receiving end, 
the discretely variable dispersion compensator 
includes first and second discretely variable 
dispersion compensators each having a dis- 
15 continuously variable dispersion amount, the 

first discretely variable dispersion compensator 
being positioned at the transmitting end of the 
transmission line and the second discretely 
variable dispersion compensator being posi- 
20 tioned at the receiving end of the transmission 

line. 

32. An apparatus as in claim 22, further comprising: 

25 a transmitter transmitting an optical signal 

through the transmission line; and 
a receiver receiving the optical signal transmit- 
ted through the transmission line, wherein 

the discretely variable dispersion compen- 
sator includes first and second discretely 
variable dispersion compensators each 
having a discontinuously variable disper- 
sion amount, the first discretely variable 
dispersion compensator being positioned 
in the transmitter and the second discretely 
variable dispersion compensator being 
positioned in the receiver. 

33. An apparatus as in claim 22, further comprising: 

a measuring device measuring a transmission 
characteristic of the transmission line from an 
optical signal transmitted through the transmis- 
sion line, wherein the discontinuously variable 
dispersion amount of the discretely variable 
dispersion compensator and the continuously 
variable dispersion amount of the continuously 
variable dispersion compensator are set in 
accordance with the transmission characteris- 
tic measured by the measuring device. 

34. An apparatus as in claim 33, further comprising: 

55 a controller controlling the discontinuously var- 

iable dispersion amount of the discretely varia- 
ble dispersion compensator and the 
continuously variable dispersion amount of the 



repeater. 30 
30. An apparatus as in claim 22, further comprising: 
an optical repeater, wherein 

35 

the transmission line includes a transmit- 
ting end and a receiving end, the optical 
repeater being positioned along the trans- 
mission line between the transmitting end 
and the receiving end, *o 
the discretely variable dispersion compen- 
sator includes first and second discretely 
variable dispersion compensators each 
having a discontinuously variable disper- 
sion amount, 45 
the continuously variable dispersion com- 
pensator includes first and second continu- 
ously variable dispersion compensators 
each having a continuously variable dis- 
persion amount, so 
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continuously variable dispersion compensator 
in accordance with the transmission character- 
istic measured by the measuring device. 

35. An apparatus as in claim 22, wherein the continu- 
ously variable dispersion amount of the continu- 
ously variable dispersion compensator is less than 
or equal to 20% of the discontinuously variable dis- 
persion amount of the discretely variable dispersion 
compensator. 

36. An apparatus as in claim 22, further comprising: 

a housing, the discretely variable dispersion 
compensator and the continuously variable dis- 
persion compensator both being enclosed 
inside the housing. 

37. An apparatus as in claim 25, wherein the receiver 
comprises a housing, the discretely variable disper- 
sion compensator and the continuously variable 
dispersion compensator both being enclosed inside 
the housing. 

38. An apparatus as in claim 26, wherein the transmit- 
ter comprises a housing, the discretely variable dis- 
persion compensator and the continuously variable 
dispersion compensator both being enclosed inside 
the housing. 

39. An apparatus as in claim 22, wherein the discretely 
variable dispersion compensator is a dispersion 
shifted fiber (DSF). 

40. An apparatus as in claim 22, wherein the discretely 
variable dispersion compensator and the continu- 
ously variable dispersion compensator are physi- 
cally separated by a distance of less than or equal 
to three meters. 

41. An apparatus as in claim 22, wherein the discretely 
variable dispersion compensator and the continu- 
ously variable dispersion compensator are directly 
connected to each other so that no portion of the 
transmission line is between the discretely variable 
dispersion compensator and the continuously vari- 
able dispersion compensator. 
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43. An apparatus comprising: 

a transmission line having a corresponding 
amount of dispersion; 

5 a fixed dispersion compensator, having a fixed 

dispersion amount, coarsely compensating for 
dispersion in the transmission line; and 
a variable dispersion compensator, having a 
variable dispersion amount, finely compensat- 

w ing for dispersion in the transmission line, 

wherein the fixed dispersion compensator and 
the variable dispersion compensator together 
provide a total amount of dispersion compen- 
sation substantially equal to the amount of dis- 

is persion of the transmission line. 

44. An apparatus as in claim 43 wherein the variable 
dispersion amount of the variable dispersion com- 
pensator is less than or equal to 20% of the fixed 

20 dispersion amount of the fixed dispersion compen- 
sator. 

45. A method of compensating for dispersion in an opti- 
cal transmission line having a corresponding 

25 amount of dispersion, comprising the steps of : 

coarsely compensating for dispersion in the 
transmission line with a fixed dispersion 
amount; and 

30 finely compensating for dispersion in the trans- 

mission line with, a variable compensation 
amount, wherein the steps of coarsely com- 
pensating and finely compensating together 
provide a total amount of dispersion compen- 

35 sation substantially equal to the amount of dis- 

persion of the transmission line. 

46. A method as in claim 45, wherein the step of finely 
compensating provides an amount of dispersion 

40 compensation which is less than or equal to 20% of 
the amount of dispersion compensation provided 
by the step of coarsely compensating. 



45 



42. An apparatus as in claim 22, wherein the transmis- 
sion line requires a specific amount of dispersion so 
compensation in accordance with the length of the 
transmission line, and the discretely variable dis- 
persion compensator and the continuously variable 
dispersion compensator together provide a total 
amount of dispersion compensation substantially 55 
equal to the required amount of dispersion compen- 
sation. 



13 



EP 0 902 558 A2 




2 



cc 
<c > 

t— o 

Q_ UJ 
O CC 



o 

CO 



O 

UJ 

co 
cc 

UJ 

> 

UJ 

o 

UJ 

cc 



DC 
O 



UJ ~ <^> 

CO CC UJ 
<OIQ- 

> Q O 



OC 
O 

Q co 
co 2: 
cc UJ 

QUJOL 

xw 0 

U.QO 



oo 



CD 





15 



EP 0 902 558 A2 



100 
80 



APPLIED VOLTAGE ( % ) 



60 



40 



20 



0 




D 



0 2 4 6 8 10 12 14 16 18 20 22 
SEGMENT 



YFIG. 3 



GROUP DELAY (ps) 




-600 
1554.1 



1554.2 

WAVELENGTH (nm) 



YFIG. 4 



16 



EP 0 902 558 A2 




















ar 








1 LU 






<: > 








o Qj 








h- o 








Ql LU 








OCT 












UlN 




OR 




SECTI 


1 1 


.IS 




CQ OC LU 




oc 


<LUOL 




i\ ir~ 

IVE 


i=r a- ^ 




RECE 


> Q O 












RSION 
ENSATOR 






QUJQ- 












xcoo 






LU Q O 













17 



EP 0 902 558 A2 




CD 



CVJ 




CO 

u: 



o 

t— 

o 

LU 
CO 

oc 

LU 




CO 



CO 



T 

CO 
CM 



18 



EP 0 902 558 A2 



O 
I— 

o 

LU 

CO 

DC 



CO 

< 
DC 



DC 

o 

LU 2 GO 

CO DC LU 
<UJCL 



DC 



Q_ 
CO 



Q O 



DC 
O 

Q< 
co 2: 
oc uu 

QLUCL 
LlQO 



DC 
LU 



CO 



O 
Jr" < 

9r DC 
O I — 



T 

CO 
CM 



CO 



CO 





CNJ 





CXJ 




19 



EP 0 902 558 A2 



1 



O 
LU 

CO 

cc 



LU 

O 



CC 
I LU 

<C > 

H-O 
Q- LU 
OCT 



CC 

o 



LU — CO 

co z: 

DC LU 
LU O- 
Q- ;§ 

°2o 
Q O 



CO 

<: 

DC 

<: 



o 



CM 




o 

LU 

CO 

DC 
LU 



CO 
DC 





DC 




O 








co 2: 




DC LU 


QIJJQl 


u 


JO-5 


>< °2 o 


u 


_ Q O 



T 

CO 
CM 



DC 
LU 

Oh 



co 



20 



EP 0 902 558 A2 



1 



o 

LU 

CO 

DC 
LU 
> 
LU 
O 
LU 

a: 




o 

CXJ 



CO 



CD 

u: 





21 



EP 0 902 558 A2 





a- dc — 
Oh5 



oc 

-JOI 

<C > 

i— o 

Q- LU 
OOC 



O 
UJ 

CO 

oc 

LU 
UJ 

o 

LU 
CC 



CM 



o 

uj y co 

_j CO ~z. 
CO CC LU 
<LUCL 









O 








CO ^ 




ac lu 


Q LU CL 


uj a- ^ 


xco 0 


U 


- Q O 



22 



EP 0 902 558 A2 



o 

CO 



DC 



CD 



dc 

_l LU 

<c > 
I — o 

Q_ LU 

Oar 




O 
i — 
o 

LU 

CO 

DC 
LU 
> 
LU 
O 
LU 
DC 



. CD 
CM 



ac 
O 

OQ DC LU 
<LUQl 



QC 



OL 

Q O 



CO 





DC 




O 




Qci 




CO z 




DC LU 


QLUCL 


LU Q_ ^> 


X^o 


Lu Q O 



to 



23 



EP 0 902 558 A2 



o 

CO 

QC 
LU 
> 
LU 
O 
LU 
DC 




CO 



CVI 
CO 





24 



EP 0 902 558 A2 



♦ 




CM 




CD 




CVJ 





cr 

<C > 

\ — o 

Q- LU 
OCE 



O 
LU 
CO 

0C 
LU 
> 
LU 
O 
LU 

cr 



CO 
ID 

O 



cc 
o 



3 



^> __J CO ^_ 
2: CQ GC LU 

cr <c uj ex 
o>oo 



CO 





or 




O 


>- 


m b2 co 


I 

LU 


1 — r CO Z 


LU 


CQ cr LU 


ac <c lu cr 


O 


nr 


CO 


Q > OO 



CNJ 

CO 



26 




EP 0 902 558 A2 




cvi 




u: 



o 

UJ 
CO 

QC 
UJ 



CO 

cc 



>- 

J 

CO 



or 
o 



^ I CO 21 

^ CQ CC LU 
P<UJCL 



cu 



o<^o 

O > Q O 



>- 



o 



UJ m ^ CO 

I — l CO 1ZL 

LLICQfTHl 
CC <C UJ CU 

Q > Q O 



CC 
LU 



CO 



o ^ 
cc 



co 



CO 
CO 



T 

CO 
CVI 



27 



EP0 902 558 A2 



# 



u: 



o 

} — 

o 

LU 
CO 

cc 

LU 



CO 

<: 
en 



y 



co 



>- 

CO 
ZD 

Old 

3 — 1 



o 

is 

co 2: 
cc UJ 

LU CL. 



o> QO 



>- 



o 



o 



LU qj — CO 

I — l(/)Z 

LU CO (DC LU 
OC < LU CL. 
Off Q-2 

Q > Q O 



LU 



CO 



O 

£- CC 
O H- 



co 



OJ 
CO 




OJ 






OJ 




28 



EP 0 902 558 A2 




1 



O 
UJ 
CO 

DC 
LU 
> 
UJ 
O 
UJ 

cc 




o 

CnJ 



co 



O ^ CO 

^ Zj co 2: 

2 (D CC LU 
P <C LU Q_ 

?cc£-S 



O 
O 



Q O 




o 

UJ 

CO 

DC 
UJ 



CO 

< 

DC 



DC 
O 

- §*< 

UJ LU — CO 

I — I CO 12! 

UJ CD DC UJ 
DC < LU Q_ 

Q>QO 



DC 
UJ 

si 

O l — 



CM 
CO 



CD 



T 

CO 
CO 



29 



EP 0 902 558 A2 



# 



2 



o 

UJ 

CO 

cc 

> 

o 

UJ 
CC 





QC 


_1 uu 


< > 


O Gj 




1 — O 




Q_ UJ 




O cc 








CC 




o 


LU ijj ^ CO 


I— 


iCOZ 


UJ CD DC UJ 


QC < 111 Q. 


O 




CO 


Q 


> Q O 



o 
evi 



CO 




o 

UJ 
CO 

CC 
CO 

< 
cc 



cc 
o 



CO 
ZD 

3 _J CO ^. 

z: cq cc uj 

p<UJCL 

5r Fr °- S 



O 
O 



QC 
UJ 



CO 



o ^ 

Q- cc 
Oh 



CO 



T 

CO 
CM 



30 



m 



EP 0 902 558 A2 



o 

CO 



CC 
LU 



LU 

oc 

DC 
LU 



I 

o 



o 

_J CO 21 
^ CO DC LU 
H<LUCL 

o > q o 



CO 



>- 



DC 
O 

LU lu y CO 
f-- _J CO Z 
CU CO OC LU 
DC < LU Q. 

Q > O O 




o 

CO 



DC 
LU 
f— 
< 
LU 
CL 
LU 
OC 

DC 
LU 



Q_ 

o 



>- 
1 

CO 



CC 

o 



g 00 OC LU 
I — <C LU CL. 

O > Q O 



DC 
O 

>: 2: 

LU uj y CO 
| J —1 CO 
LU CO OC LU 
OC < LU Q_ 

^2 <COq 
Q > Q O 




;co 



DC 



O^LU 
CL. CC — 

Oh5 



CO 



CO 



CO 



cvi 

co 



OC 

I LU 

< > 

OLu 
y— o 

Qu LU 
O0C 



CM 



O 

*— 

o 

LU 
CO 

DC 
LU 
> 
LU 
O 
LU 
DC 



>- 

I 

CO 



DC 

o 

: I— 

o ujOco 

2: co cc lu 
C< Lua. 

o > o o 



co 



>- 



OC 

o 



CXI 

co 



_ ^;<c 

LU LU — - CO 
I — ; Z_J CO 21 
LU CO OC LU 
OC <C LU CU 

co ^ 

Q>00 



31 



EP 0 902 558 A2 



# 



o 

CO 



CD 

u: 



CO 



DC 
UJ 



UJ 

DC 

DC 
LU 



oc 
O 



UJ LU — CO 

LU CD DC UJ 
DC < UJ CU 



.CM 
CO 




az 

_J UJ 

<c > 

OQj 

I — o 

Q_ UJ 

Oo: 



CvJ 



O 

o 

UJ 

CO 

DC 
UJ 
> 
UJ 

o 

UJ 

cc 



DC 
O 



Qco 



CO 
ID 

o L 

5=jc^ _ 

21 CO DC UJ 
PKUJCL 

O > Q O 



co 





DC 




O 


UJ 


LU — CO 


1 — 


1 CO ~zz 


UJ CO DC UJ 


dc <c uj a. 


0 


DC^^ 


CO 


Q>QO 



.CM 
CO 



32 



EP 0 902 558 A2 






33 



EP 0 902 558 A2 




£4 
CM 

CD 



CO CC LU 
<LUQ- 



cc 



Q O 



O 
1 — 

o 

LU 
CO 

DC 
LU 

1= 



CO 
DC 



CC 

o 

CO 

co z 

GC LU 
QLUCL 

x 92 O 

LlQO 



CO 



CC 
LU 



O 



CO 



H- < 

^- DC 



34 



# 



EP 0 902 558 A2 



o 

CO 




I 

o 



CO ^ 
DC UJ 
QLUd 

><co 0 

LU O O 




O 
CXI 



OC 
_J LU 
<C > 
O Qj 

I — O 
Q_ LU 
O DC 



O 
I— 

o 

LU 

CO 

QC 



LU 

o 

LU 
DC 





DC 




o 


1 1 ] 






CO DC UJ 


<UUCL 


□C 




<c 




> oo 





cc 




o 








co 2: 




DC LU 


QLLICL 


UJQ-2 




LU. 


Q O 



CO 
CO 



O 
y FLU 

92 i— uj 

^ O DC 
CO<=3 

2: dc co 
< < 
cr niLu 

i — o ^ 



S3 

CO 
I 

O 

DC 



o 
o 

o 
< 

CD 
Q 



35 



EP 0 902 558 A2 



O 
CM 



o 

I — 

o 

LU 

CO 

CC 
LU 

> 

LU 
O 
LU 

DC 



CC 
_J LU 

<C > 

O CD 

! — O 
Q- UJ 
O CC 



>- 

I 

CO 



CC 

o 
Qco 



ZCQCCUU 
(Z < LU CL 



CC 



0> QO 




CO 



CC 
O 

>- 2: >~; 

— I /-^ <3- 
LU UJ — CO 

LU CD CC LU 
CC <C LU Q_ 

Q > Q O 



CO 



O 
CC 



O 

<: 

CO 

LU ^ 
LU O 
UL. O 



CO 
CO 





36 



# 



EP 0 902 558 A2 



CD 




o 

UJ 

CO 

DC 
LU 



CO 

cc 





DC 




O 


TELY 


LE 

SION 
NSAT 


LU CO DC LU 


DC <C LU Q_ 


O 




CO 


O > O O 








DC 




LU 




\— 




h— 




ICAL 

NSMI 




rr < 




DC 




O v— 



OJ 
CO 



T 

CO 
CVi 



37 



# 



EP 0 902 558 A2 



# 




o 

CO 



UJ 

cu 

LU 

cc 
cc 

UJ 

LL_ 

I 

a. 

i 

<*: 
o 



>- 
i 

CO 



o 



5 en uj 

} — < LU CL 
^ £ ^ ^ 

o<^o 
o > o o 



>- 



oc 
o 

^ * — 

LU LU ^ CO 

1 — l CO 21 

LU CQ GC LU 
CC <C LU CC 

O > Q O 




Q- CC — 
Oh-2 



CO 



. C\J 
CO 



CO 



„ C\i 
CO 



CO 

—J 

O 
oc 



O 
O 
^: 
o 
< 

CD 
Q 
LU 
LU 



O 
CM 



on] 
J — o 

CL. LU 

o a: 



O 
o 

LU 

CO 

oc 

LU 



O 
LU 
CC 



>- 
— I 
CO 

p, 



oc 
o 

m 



2 CD CC LU 
fC < LU Q. 

O > Q O 




^1- 
CO 



OC 
O 



CO 



>- 

LU uj Q 
1 — ; Zj CO 
LU CO CC LU 
CC <C LU CL. 

° Lr °- ^ 
o > o o 



CXI 
CO 



38 



EP 0 902 558 A2 





LU O 
U_ O 



39 




EP 0 902 558 A2 



FIG. 28 



DURING SYSTEM 
POWER UP 



DURING SYSTEM 
OPERATION 



MEASURE Q VALUE WHILE SWEEPING 
DISPERSION VALUE IN VARIABLE 
DISPERSION COMPENSATOR 



I 



SET DISPERSION VALUE AT POINT 
THAT MAXIMIZES Q VALUE 



MEASURE Q VALUE AT INTERVALS 
OF PREDETERMINED TIME 



-1000 



-1002 



.1004 



YES 




INCREMENT VARIABLE DISPERSION 
COMPENSATION AMOUNT BY ONE STEP 




1008 



YES 





NO 








DECREMENT VARIABLE DISPERSION 
COMPENSATION AMOUNT BY ONE STEP 


-..1012 


— ^ — ~ — 

VALUE > REFERENCE 


NO 



VALUE? 
[YES 



40 



EP 0 902 558 A2 




41 



# 



* 



This Page Blank (usptc! 



